Fig. 1. Schematic representation of anterior gut of adult Hoatzin seen from left, showing (A) crop, (B) posterior esophagus, (C) proventriculus, and (D) gizzard.
Anterior sternum is much reduced to make room for large fermentation chambers, resulting in drastic reduction in area available for flight-muscle attachment to (E) sternal carina; (F) "resting" pad at end of sternum used while perching with full crop. gut fermentation was the primary function of the large gut capacity of Hoatzins.
I describe the gross anatomy and function of the gastrointestinal tract of the Hoatzin, and then compare the Hoatzin's gastrointestinal tract to other herbivorous birds and foregut-fermenting mammals. I measured the gut capacity of Hoatzins and explored relevant functions, such as particle dynamics, and nutritional and physical characteristics of gut contents. If foregut fermentation is nutritionally important for Hoatzins, one would expect gut capacity to be similar or exceed that of mammalian foregut fermenters. Also, the Hoatzin's digestive tract might be expected to reduce particle size and show selective particle retention to optimize the nutritional use of plant cell wall. Understanding the anatomy and function of the Hoatzin digestive tract can provide insights into the evolutionary limits of foregut fermentation in vertebrates and birds in particular.
MATERIALS AND METHODS
Hoatzins were shot at the following sites in the Llanos of Venezuela: Masaguaral (67ø35'W, 8ø34'N), Guf•rico River (67ø28'W, 8ø33'N), Suapure River (66ø20'W, 6ø8'N), and Pifiero (68ø4'W, 8ø82'N). The total body mass of each bird was recorded immediately using a portable spring scale (+ 1 g), after which the gastrointestinal tract was removed and weighed. The gut was divided with string knots and then cut into anterior esophagus, crop, posterior esophagus, proventriculus, gizzard, small intestine, caeca, and large intestine. The wet mass of the contents of each section was determined by subtraction of the mass of each section with and without its contents. The pH of the contents from each segment was measured in situ with a portable pH-meter, usually within 20 rain of the bird's death. Samples from each segment were fixed with concentrated sulfuric acid and frozen in dry ice for later measurement of the concentration of volatile fatty acids. Other fresh samples were weighed and dried at 100øC until their mass remained constant for determination of percentage dry matter. Samples of the contents from some segments were fixed in buffered formalin for particle-size analysis, and the remaining contents were frozen and later dried at 60øC until their mass remained constant for nutritional analysis. Tissue samples from the gut were fixed in 10% buffered formalin for histological analysis.
Gut contents were analyzed for dry matter, cell wall, nitrogen, ash, volatile fatty acids, and particle size. Cell wall and ash content were determined following the neutral-detergent fiber (NDF) method of Goering and Van Soest (1970 Gut contents.--The fresh contents of the large crop and posterior esophagus averaged about 9% of total body mass, roughly equivalent to 77% of the mass of the total digestive-tract contents (see Table 2 ). The crop contents had a significantly lower percent dry matter than the young, tender leaves that constitute the typical (Table 2) .
RESULTS

Mean
Nutritional characteristics of gut contents were significantly different at different sections of the gut (Table 3) . Cell-wall levels were significantly different among all three measured gut sections (Kruskal-Wallis one-way ANOVA, H = 12.5, P = 0.002, n = 5). The nitrogen content and organic matter also were significantly different among gut sections (both analyses; Kruskal-Wallis one-way ANOVA, H = 12.5, P = 0.002, n = 5).
Particle dynamics.--The mean particle size was significantly different at all three gut sites (Kruskal-Wallis one-way ANOVA, H = 11.2, P = 0.004, n = 5). Mean particle size was lower (and less variable) at the hindgut than at either foregut site. The experiment on particle retention showed that the larger the particle, the longer it remains in the anterior fermentation organs (Fig. 3) . After 24 h, 92.5% of the large 10-mm 2 plastic markers remained in the crop and esophagus, none was found in the hindgut, and only a few (3.7%) were excreted (Fig. 3) Although these plastic markers were inert to these digestive processes, they were appropriate for measuring selective passage for two reasons. First, the specific gravity of these plastic tape markers closely resembled that of food particles. Second, the standardized sizes allowed quantification of markers by category at the various gut sites.
Particle-size reduction is an important factor in overall plant-material digestion, because smaller plant particles can be more easily attacked by fermenting bacteria. Thus, particle- 
